Water `assessment and algal composition study was conducted near Koysenjaq district for nine sites including (4) springs and (5) streams. Monthly water samples collected from April-2013 to March-2014 and 15 physico-chemicals parameters and algal content were analyzed. Generally, pH of water tend to be in alkaline side of neutrality. Mean values of electrical conductivity ranged between 272-441µs.cm -1 in January and July respectively. Total hardness extended from hard to very hard water. Cation arranged in order as follows: Ca> Mg>Na>K. Higher mean value of ammonium recorded in site 6 was 14.8 µg N.NH 3 .l -1 , and minimum value of nitrite was 0.68µg N.NO 2 .l -1 in site 6. Mean values of phosphate ranged between (0.82-4.5µg P-PO 4 .l -1 ). Highest value of dissolved oxygen were observed in sites 7, 8 and 9, while the minimum value of biochemical oxygen demand recorded in site 2 was 0.7mg.l -1 . A total 73 species of algal species were identified of which belong to Bacillariophyceae (25 species), Cyanophyceae (23 species), Chlorophyceae (16 species), Euglenophyceae (4 species), Charophyceae and Xanthophyceae (2 species for each one) and 1 species belong to Rhodophyceae. Multivariate statistical techniques results revealed that water quality of the monitored water bodies were influenced by many pollution sources including the geological formation of the area, agricultural activities and effluent of domestic sewage water.
Introduction
Water is a very important Grace for the environment, the most important to maintain life and it is required in almost all humanitarian activities. Drinking, domestic use, agriculture, industries, energy production, navigation, and entertainment. The site of Iraq within the Middle East with an area of 433,970 K 2 , where the number of souls about 35 million people [1] . Many countries are concerned with the presence, uses, security and management of water sources. The evaluation of water quality has become an important issue, especially with an awareness that freshwater will be a rare resource in the future [2] . Water quality is the physical, chemical and biological characteristics of water, it is an assessment of water condition relative to the requirements of human need [3] . The term of water quality was developed to supply an indicator of how suitable the water is for different living consumption and is generally used in various scientific works related to the necessities of sustainable management [4] . However, water quality in many rivers around the world has deteriorated significantly may be due to human activities in the past three decades [5] . River regarded as an important source of inland water resources for human. In the past, social, economic and political development has been linked to the extent to which freshwater is available and distributed in river systems [6 and7 ]. The climate change in recent years has an important effect on the water quality of rivers of the world in terms of changing patterns of rainfall and increased evaporation rates as a result of high temperature, especially rivers located in arid and semi-arid zones [8 and 9] .
Multivariate statistical methods are useful tools for assessment environmental status, identified sources of water pollution, provide valuable ways for water resources management and introduce solutions for pollution control [10, 11, and 12] . Factor analysis (FA) and Cluster analysis (CA) are more widely used statistical analysis for environmental topics in recent years [13, 14] , through drawing out meaningful conclusions from data obtained in analysis of water quality.
For further increasing our knowledge, this investigation was conducted in order to evaluate water quality and algae identification in the area which may be regard as the first attempt for survey and monitoring some water bodies in Koysenjaq district.
Materials and Methods Samples collection and analysis
Samples collection were done twelve times at monthly intervals pattern during (April-2013 to March-2014). The selected sites include four springs (S1, S2, S4 and S5) and five streams in north-east of Koesenjaq district, Erbil-Iraq as illustrated in Fig.(1) . Water samples collected by using stopper fitted polyethylene bottles and refrigerated at 4˚C in order to be analyzed as soon as possible to avoid unpredictable changes in characteristic of water according to standard procedures [15] . Electrical conductivity and pH were measured in situ using portable measuring devices (PH-EC-TDS meter, HI 9812, Hanna instrument). The physiochemical properties of water samples were measured and performed on the same day of sampling, and analyzed for physicochemical parameters using following procedures. Alkalinity and acidity were measured by titration method as described by [15] . Total hardness and calcium calculated by EDTA titrimetric method as described by [15] . Azide modification of the classical Winkler procedure was used to measure dissolved oxygen, biochemical oxygen demand (BOD 5 ). Sodium and potassium cations were determined by Flame Emission Photometer method. The Mohr method was used for determination of chloride content as described in [16] . Nitrite and ammonium measured by spectrophotometer method as noted by [17] . Reactive phosphorus was determined by using ascorbic acid reduction method as mentioned by [17] . Algal identification carried out by using appropriate identification text books [18, 19 and 20] .
Statistical analysis
The data set of monitored surface water was subjected to multivariate statistical methods: Dendogram (Cluster analysis, CA) and Factor analysis (FA), by using SPSS 22 program. PCA/FA was applied for the normalized data set through examine their suitability by using Kaiser Meyor Olkin (KMO) and Bartlett's test. Eigen values higher than 1 indicated that PCA (Principal Component Analysis) may be useful. Bartlett's test explained if correlation matrix is an identity matrix, which would indicate variables are unrelated [11, 21] . On the other hand, hierarchial agglomerative CA was performed by means of Wards method for normalized data set, using Euclidean distance as a measure of similarity [22, 23] .
Results and Discussion
The mean values of physico-chemical variables of studied inland water bodies were given in the Table (1) . The results showed that the pH ranged from (6.8-7. 3) in sites, and (6.6-7.3) in months indicating that the water sample are almost sub-neutral to sub-alkaline in nature. pH is an important factor that determines the suitability of water for different purposes [24] . The obtained pH concentration in the current survey was close to pH values of fresh water [25] and agree with Iraqi published data [26, 27] and were in permissible level recommended by the Iraqi [28] and WHO [29] standards for drinking purpose. Generally, high pH values observed during December to April Fig.( 2), this may be due to effects of rainfall and erosion of soil enriched with carbonate ions. The values of electrical conductivity are related to positive ions concentrations and affect the taste of water that used for drinking purposes and other uses [30] . EC values were varied from 323 to 441 µS.cm -1 measured in sites 5 and 9 respectively. The high content values of conductivity can be generated by natural weathering of some type's rocks or may have human sources, for example. Industrial waste and sewage [30] . The results showed that EC values were within the permissible level recommended by the WHO [29] for drinking purpose. The most of observed value of total alkalinity was more than the permissible recommended by the WHO [29] for drinking purpose. On the other hand, same trend of variations were found between alkalinity and pH during studied period Fig.(2) . The normal values of the alkalinity of surface waters are related to carbon dioxide, bicarbonate, carbonate and hydroxide components. These components are characteristic of the source of water and the natural processes happened at any given time [31] . Higher concentration of acidity value was noted in winter months 21 mg CaCO 3 .l -1 , while lower value was more than 5 mg CaCO 3 .l -1 . This variations may be due to geological, weathering, soil and human impacts [26] . The measured value of acidity was within the permissible recommended by the WHO for drinking purpose. [33] . Magnesium concentration was lower than calcium ions in all sites and are within the Iraqi standards for drinking purposes. Dissolved calcium and magnesium in water are the two most common mineral that make water "hard" [34] . Calcium and magnesium enter a water supply by leaching from minerals within an aquifer. Common calcium-containing minerals are calcite and gypsum, also some human activities involved with increase calcium by increasing concentration of carbon dioxide which form the carbonic acid that eventually lead to dissolve the bituminous rocks [35] . On the other hand, sodium value ranged from 7-51 mg.1 -1 . The values of Na were found to be always higher than K + and much less than that of calcium, this comes accordance to that reported by [30] . According to WHO standards [29] , the maximum permissible level of sodium is 200mg.1 -1 . All sites in the studied area lies within this level. [36] stated that potassium ion found in most natural water rarely exceeds 20 mg.1 -1 , corresponding the present investigation, potassium value ranged between 1.4-5 mg.1 -1 . The differences between sodium and potassium values in different sites in this investigation may be considered to the geological and soil formation within Erbil province [36] .
The values of DO and BOD 5 were ranged from 1-8.5 mg.l -1 and 0.1-2.8 mg.l -1 respectively. Sites 7, 8 and 9 characterized by more aeration condition than other sites. Highest DO concentration was recorded during December and March (Fig.3) , this may be due to rainfall and low temperature. Unpolluted waters are likely to have a BOD value of < 3 mg.1 -1 . BOD concentration indicate present or absences of organic matter loaded on water in this area. Therefore, a continuous monitoring is required. Fig.(4) , this variations may be due to nitrogenous organic matter decomposition by microbiological activity that take place in many surface and groundwater's. [37] commented that higher nutrients content occur in water polluted by sewage, fertilizers, agriculture wastes or industrial wastes containing organic nitrogen, free ammonia or ammonia salts, also they states that phosphate is an important guide of water characteristics and originate from different sources, especially the discharge of sewage effluent and agricultural runoff (fertilizers, waste from livestock). High concentrations of nutrients can result in eutrophication and algal growth, can significantly effect of aquatic ecosystem health, and went up ecological and recreational values of inland water resources [38] . However, agricultural discharge plays an important role in increasing concentrations of nitrates and nitrite resulting from the excessive use of fertilizers in agriculture, when microorganisms convert fertilizers, degraded plants, manure, animal manure or other organic waste [38] .
Multivariate Analysis
PCA/Factor analysis was applied to fifteen variables for nine sites in twelve months during 2013-2014 based on the correlation matrix. Factors with eigenvalues more than 1 are regarded as significant. The factor loadings were remarkable as weak (<0.5), moderate (0.75<VF>0.5) and strong (VF>0.5) corresponding to absolute varifactors values [14, 39] . Table ( 2) summarized the results of PCA/FA, eigenvalues, a cumulative variance after rotated factors.
Depending on eigenvalues and varimax rotation only the first four factors explained more than 94% of the total variance for the data set. The first VF1 was represented with 43.43% of total variance and showed strong positive loading of pH, EC, NO 2 , Na and K, while PO 4 associated with moderate loading, on the other hand, negative moderate loading with HCO 3 . The presence of EC, Na and K suggest mineral salts of around area. While, both nitrite and phosphate contributing to inorganic nutrients due to excessive influx of agricultural activities [12, 13] . In VF2, accounted for 23.59% the total variance and have strong positive loading with each of DO, BOD 5 , Cl, acidity, and moderate positive loading on the NH 4 and PO 4 Fig.(5) . This was represented by organic related variables (DO, BOD 5 ), inorganic nutrients (NH 4 , PO 4 ) and physico-chemical source (pH, Cl) originated from domestic wastewater. VF3 constituted 16.5% of total variance, and it was weighted on both hardness and Mg. This identified hardness related variables were mainly associated with nature of geological formation of the area [33] . The last VF4, explained with 10.58% of total variance and it is strong positive loading with Ca, HCO 3 and moderately loading with Mg Fig.(6) . This factor can ascribed to chemistries naturally obtained by dissolution of carbonic rich sediments [10] .
In the present study, Hierarchial agglomerative cluster analysis was applied on the normalized data set depending on the Wards method, by using Euclidean distances as a measure of similarity. The similarity between groups based on spatial and temporal variability of the water quality can be found out by cluster analysis, in addition to, discovering and understanding the intrarelation amongst variations parameters of the studied watershed [23] . The results of CA as shown in Fig.(7) yielded a dendogram of two clusters. Cluster one indicated that water quality is hard type and it mainly influenced by geological formation of the area enriched with cations related to hardness. Cluster two, consists of two subgroups, first one revealed organic pollution from domestic wastewater, second subgroup, it is more related to domestic sewage water discharged into water bodies.
According to Fig.(8) , two differentiated clusters were formed based on sites similarities. Cluster one consists of two subgroups, first one associated between sites 7, 8 and 9 obtained represented streams well aerated water influenced by anthropogenic activities agricultural and domestic sewage. Second subgroup, binding to spring sites (1, 2 and 4) more related to geological formation of the area. On the other hand, second cluster, identified similarity between site 5 (sulfur spring) and site 6 that influenced by it discharge.
As stated by [40] algae are considered to be excellent indicators of water quality, and certain species are capable of indicating water conditions. The algae occurred as in this study (springs and streams) which were listed alphabetically in Table ( 3). During the course of this study, 73 species of algae were classified into the following seven categories: viz., Bacillariophyceae, Cyanophyceae, Chlorophyceae, Euglenophyceae, Charophyceae, Xanthophyceae and Rhodophyceae. Among this group Bacillallariophyceae (25 taxa) group dominated by Cyanophyceae (23 taxa), Chlorophyceae (16 taxa), Euglenophyceae (4 taxa), Charophyceae (2taxa), Xanthophyceae (2 taxa) and Rhodophyceae (1 taxa) Table ( 3). Changes in algae in this study are the results of their effect on the physical and chemical environment. Specimens that have been identified have a close relationship to the physiochemical conditions of currents and springs may be useful tools for the analysis of the ecological water quality index [41] . Monthly changes of algae showed higher density in summer which means that the temperature and light intensity hot months played an important role in increasing the concentration of phytoplankton [41] . Monthly variations of algae showed maximum density in summer which indicates that the temperature and light intensity of these months played an important role in increasing the population of phytoplankton [41] . In this survey, diatoms were the dominant algae and they had their best growth in spring and fall, while winter and summer periods mostly coincided with lower cell numbers. Water temperature and light have been reported as the most effective factors on seasonal developments of algae; however, other factors also affected the growth of algae [42] .
Chlorophyta and Cyanophyta were other important algal groups in this survey. Although green algae have been recorded in samples in every season, they were richer in species composition in summer and winter when diatoms were represented with less species. Lyngbya spp. (5 taxa) and Oscillatoria spp. (6 taxa) were the richest genera in terms of species number. Oscillatoria spp. was the richest blue-green algal genus in species composition. The occurrence of the blue-green algae, especially Lyngbya spp., in summer and autumn was noticeable, thus supporting the Round [43] view's that the blue-green algae Lyngbya spp. and Oscillatoria spp. grow better and are more common especially in summer months. Blue-green algae play an important role not only with their property of growing very fast but also with their effects on aquatic environment and on other organisms in water. It has been recorded in many studies that bluegreen algae give out various metabolic substances in water [44] .
Euglena sp. has been the most important genus in Euglenophyta as being represented with 4 taxa. The existence of Euglenophyta in water is a proof for the richness of water with organic substances [44] . This finding was supported with the present study since Euglena sp. showed better growth in summer and autumn when the concentration of organic matter in the pond water was higher in the ponds. Table ( 3) Shows list of algal species identified from studied sites in Koesenjaq subdistrict.
